Thermodynamic characterization of the binding of tetrahydropterins to phenylalanine hydroxylase.
Phenylalanine hydroxylase (PAH) is the key enzyme in the catabolism of L-Phe. The natural cofactor of PAH, 6R-tetrahydrobiopterin (BH4), negatively regulates the enzyme activity in addition to being an essential cosubstrate for catalysis. The analogue 6-methyltetrahydropterin (6M-PH4) is effective in catalysis but does not regulate PAH. Here, the thermodynamics of binding of BH4 and 6M-PH4 to human PAH have been studied by isothermal titration calorimetry. At neutral pH and 25 degrees C, BH4 binds to PAH with higher affinity (Kd = 0.75 +/- 0.18 microM) than 6M-PH4 (Kd = 16.5 +/- 2.7 microM). While BH4 binding is a strongly exothermic process (DeltaH = -11.8 +/- 0.4 kcal/mol) accompanied by an entropic penalty (-TDeltaS = 3.4 +/- 0.4 kcal/mol), 6M-PH4 binding is both enthalpically (DeltaH = -3.3 +/- 0.3 kcal/mol) and entropically (-TDeltaS = -3.2 kcal/mol) driven. No significant changes in binding affinity were observed in the 5-35 degrees C temperature range for both pterins at neutral pH, but the enthalpic contribution increased with temperature rendering a heat capacity change (DeltaCp) of -357 +/- 26 cal/mol/K for BH4 and -63 +/- 12 cal/mol/K for 6M-PH4. Protons do not seem to be taken up or released upon pterin binding. Structure-based energetics calculations applied on the molecular dynamics simulated structures of the complexes suggest that in the case of BH4 binding, the conformational rearrangement of the N-terminal tail of PAH contribute with favorable enthalpic and unfavorable entropic contributions to the intrinsic thermodynamic parameters of binding. The entropic penalty is most probably associated to the reduction of conformational flexibility at the protein level and disappears for the L-Phe activated enzyme. The calculated energetic parameters aid to elucidate the molecular mechanism for cofactor recognition and the regulation of PAH by the dihydroxypropyl side chain of BH4.